Polyhydroquinoline derivatives have been efficiently prepared on polyethylene glycol (PEG) via one-pot condensation of PEG-bound acetoacetate, 1,3-cyclohexanedione, ammonium acetate and the appropriate aromatic aldehyde in the presence of catalytic amounts of polyphosphoric acid by solvent-free microwave irradiation. The procedure provided the target compounds in excellent yield and purity with a facile work-up procedure.
Introduction
4-Substituted 1,4-dihydropyridines (1,4-DHPs) are analogues of NADH coenzymes and an important class of drugs. 1 Current literature reveals that these compounds possess a variety of biological activities. 2 Furthermore, hydrogenation methods for the conversion of these compounds to pyridines have been investigated intensively. 3 Classical methods for the synthesis of 1,4-dihydropyridines are one-pot condensation of an aldehyde with ethyl acetoacetate and ammonium acetate, either in acetic acid or under reflux in alcohols. 4 However, these methods suffer from several drawbacks such as a long reaction times, an excess of organic solvent, lower product yields, and harsh refluxing conditions. Therefore, it is necessary to develop more efficient and versatile methods for the preparation of 1,4-DHPs and the progress in this area is remarkable, including the recent use of microwaves, 5 ionic liquids, 6 refluxing at high temperature, 7 TMSCl-NaI, 8 Yb(OTf) 3 , 9 Ceric ammonium nitrate, 10 I 2 11 and solid-phase organic synthesis (SPOS) techniques. 12 Although some reactions are satisfactory in terms of yield, the use of high temperatures, expensive metal precursors, catalysts that are harmful to the environment, and long reaction times limits the use of these methods. Recently, organic synthesis 
Results and Discussion
The PEG 4000 bound acetoacetate 1 was prepared easily by reacting dihydroxyl PEG 4000 with 2,2,6-trimethyl-4H-1,3-dioxin-4-one in anhydrous toluene under reflux for 5 h. 14 The conversion of the terminal hydroxyl groups on PEG to 1 was indicated by C=O absorptions at 1743 and 1718 cm -1 in the IR spectrum, corresponding to ester and ketone carbonyl groups, respectively, and was determined by 1 H NMR to be quantitative. In this liquid-phase synthetic process, the condensation of PEG-bound acetoacetate 1 with 1,3-cyclohexanedione (2), aromatic aldehydes and ammonium acetate would be the key step for the success of this protocol. First, the mixture of PEG-bound acetoacetate 1, benzaldehyde (3a), 2 and ammonium acetate was chosen as the model reaction to investigate the liquid-phase synthesis of ethyl 2-methyl-5-oxo-4-phenyl-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5a was confirmed by proton NMR spectroscopy of 4a since the methyl proton (CH 3 ) of the PEGbound acetoacetate 1 was shifted downfield from δ = 2.27 to 2.40 ppm. When the irradiation was stopped, the solids were treated with a small quantity of CH 2 Cl 2 , the PEG-bound intermediate 4a was then filtered and precipitated by addition of diethyl ether and was separated by filtration. The target compound 5a was obtained in 94% yield and 97 % HPLC purity of crude product by cleavage from the PEG support under the treatment of the PEG-bound product 5a with NaOEt in EtOH with stirring overnight. Following the synthesis of 5a on PEG, a set of related compounds (5b-5i) was prepared using an analogous synthetic protocol. As shown in Table 1 , the yields (90-95 %) are excellent and the purities are satisfactory (≥95 %). It appears that there is no apparent electronic effect on the liquid-phase synthetic reaction and aromatic aldehydes with electronwithdrawing or electron-donating groups are both effective substrates. In some cases, a trace amount of the PEG residue might contaminate the final products 5, which can be easily removed by recrystallization from hot ethanol or by passing the crude product through a pad of silica gel column (10-15 % ethyl acetate in hexane as the eluent). Additionally, cleavage of the resin-bound intermediate 4 via an alternative process was investigated as shown in Scheme 2. For example, treatment of 4a with 50 % TFA in CH 2 Cl 2 at room temperature for 1 h furnished 2-methyl-5-oxo-4-phenyl-1,4,5,6,7,8-hexahydroquinoline-3-carboxylic acid 6a 15 in 93 % yield and 95 % HPLC purity.
In summary, an efficient PEG supported Hantzsch reaction has been described for the liquidphase synthesis of polyhydroquinoline derivatives under solvent-free microwave promotion via one-pot four-component coupling reactions of PEG-bound acetoacetate, 1,3-cyclohexanedione, aromatic aldehydes and ammonium acetate in the presence of catalytic amounts of PPA. The process presented here is operationally simple, environmentally benign and affords excellent yields and purity, compared with the classical solution-phase reactions. Experimental Section General Procedures. Melting points were determined on an X 4 melting point apparatus and are uncorrected. 1 H NMR spectra were recorded on a Bruker Avance (400 MHz) spectrometer. FT-IR spectra were taken on a Perkin-Elmer SP One FT-IR spectrophotometer. Mass spectra (EI, 70eV) were recorded on a HP5989B mass spectrometer. Microanalyses were performed with a PE 2400 elemental analyzer. HPLC analysis was carried out on Agilent 1100 automated system having a PDA detector (λ max = 254 nm) using a gradient from 100 % of the aqueous 0.1 % TFA (eluent A) to 60 % eluent A-40% of 0.5 % TFA in acetonitrile (eluent B) over 35 min (0.8 mL/min) on a RP-18e column (100×4.6 mm). MW experiments were performed on a Galaz WP 800J-823 domestic microwave oven. 1,3-cyclohexanedione, ammonium acetate, aromatic aldehydes were obtained from commercial sources and used without further purification.
General procedure for the preparation of polyhydroquinoline derivatives (5a-5i)
At room temperature, PPA (2-3 drops) was added to the completely ground powder of PEG 4000 bound acetoacetate acet 1 14 acetate (1.2 mmol) and the corresponding aromatic aldehyde 3 (1.0 mmol). The resulting mixture was added into an open vessel, stirred with a spatula for 30 s, and the vessel was placed inside a large container filled with alumina at the center of a domestic microwave oven. After irradiation at 400 W for 3-4 min, the mixture was cooled to room temperature and a small volume of dichloromethane (5 mL) was added. After filtration, diethyl ether (30 mL) was added with stirring to precipitate the polymer 4. For completion of the precipitation, the suspension was left at 0 o C for another 30 min. The polymer 4 was collected and washed several times with diethyl ether (3×10 mL). After drying in vacuo, the solid was added to a NaOEt (1N)/EtOH solution (15 mL) to cleave the products at room temperature overnight (checked by TLC). The target compounds 5 were obtained by extraction from the reaction mixture with EtOAc, dilution with H 2 O (20 mL) and then removal of the solvent. The crude yellow products were purified further by recrystallization from hot ethanol or by passing the crude product through a pad of silica gel (10-15% ethyl acetate in hexane) to give a yellow or brown solid, if necessary. -4-(4-chlorophenyl)-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate (5f) 
